Vitamin D is a secosteroid prohormone, which is obtained from the diet and by the action of sunlight on the skin via conversion of 7-dehydrocholesterol to previtamin D. It exerts its effects through its active form 1,25-dihydroxycholecalciferol or calcitriol (VD), which is activated from the precursor molecule by 25-hydroxylase in the liver and the 1α-hydroxylase in the kidneys. After being taken up by target cells VD is bound to a intracellular binding protein (IDBP) (Dusso et al., 2005; Adams et al., 2004) . Subsequently it interacts with the vitamin D receptor (VDR) and induces heterodimerization of the VD-VDR-complex with retinoic X receptor (RXR). This heterodimer binds to response elements on target genes.
Coregulators are recruited to link the heterodimer to the basal transcriptional machinery and thereby modulate gene transcription (Horst et al., 1994; Duque et al., 2002; Christakos et al., 2003; Fleet, 2004; Dusso et al., 2005; Horst et al., 2005; Hendy et al., 2006; Yamagishi et al., 2006; Zella et al., 2006) .
In addition to this pathway of action, a number of other pathways involving rapid nongenomic effects have also been described. These include interaction of VD with a membrane receptor, either a novel receptor or the known VDR, thereby activating cell signalling pathways (Fleet, 2004; Dusso et al., 2005; Hendy et al., 2006) . There is growing direct evidence that the traditional nuclear VDR may also have a unique, nontranscriptional role in plasma membrane initiated signalling (Fleet, 2004) . This would to some extent explain the detection of VDR in the cytoplasm of target cells (Feldman et al., 1979; Milde et al., 1989; Barsony et al., 1997; Zineb et al., 1998; Prüfer et al., 2000; Horst et al., 2003) , a locus where the receptor protein is synthesized.
Classical target organs demonstrating VDR are skin, liver, kidney, bones and intestines. The 23 bovine VDR cDNA is 99% homologous with the human, 85% homologous with the rat , 86%
24
homologous with the mouse, and 81%homologous with the avian nucleotide sequences 25 using BLAST (basic local alignment search tool) comparisons. The region of highest 26 similarity with the human sequence is the first 1064 coding base pairs, which includes the The great variety of processes involving VD correlate well with VDR detected at several other sites such as: brain, breast, cardiac muscle, skeletal muscle, lungs, uterus, urethra, pancreas, adrenal glands, thyroid glands, parathyroid gland, pituitary, T-lymphocytes, fibroblasts, smooth muscle cells, macrophages and endothelial cells of many species (Berger et al., 1988; Sandgren et al., 1991; Zineb et al., 1998; Lee et al., 2003) . The exact roles of VD at all these sites, exerted by genomic or nongenomic mechanisms, are up to now not always completely understood.
In contrast, it is known that VD plays an important role in the gastrointestinal tract, where it promotes Ca 2+ absorption via different VDR-mediated genomic mechanisms. These genomic actions are mainly the expression of calbindin-D9k (Walters et al., 1999; Christakos et al., 2003; Lee et al., 2003; Yamagishi et al., 2006) , its own receptor (Horst et al., 1990; Chen et al., 2006; Yamagishi et al., 2006) , epithelial Ca channels (TRPV5, TRPV6) (Wilkens, 2006) and Ca-transporting ATPase (CaATPase) (Yamagishi et al., 2006) . Calcium metabolism has an important clinical relevance in high milk yielding domestic cows around parturition as hypocalcaemia or milk fever is a frequently occurring metabolic disorder caused by a disturbed calcium homeostasis (Goff et al., 1995; Horst et al., 2005) . Studies on VDR expression in several species generally suggest that VDR amounts within the gastrointestinal tract are highest in duodenum, decrease towards the large intestine (Feldman et al., 1979) , and decline with ongoing age (Horst et al., 1990; Duque et al., 2002) and during a decrease in blood estrogen concentrations (Liel et al., 1999; Schwartz et al., 2000; Duque et al., 2002) .
VDR are also more abundant in crypts than in villar cells (Clemens et al., 1988) . Results are controversial in some instances (Berger et al., 1988; Sandgren et al., 1991; Kinyamu et al., 1997; Wood et al., 1998; Lee et al., 2003; Chen et al., 2006 Liesegang et al., 2006; Boos et al., 2007; Riner et al., 2007) . 
Materials and Methods

Animals
Thirty-six cows were enrolled in the present study. The groups consisted of 18 cow each, 9
brown swiss cows, aged 3.6 ± 0.7 years, first to second lacation and 9 brown swiss cows aged 6.9 ± 1.1 years, third to sixth lactation; 9 holstein friesan cows aged 3.2 ± 0.6 years, first to second lactation and 9 holstein friesan cows aged 8.1 ± 1.6 years, third to seventh lactation. The cows were selected according to the lactation number. They were slaughtered because of fertility problems at the abattoir of the Vetsuisse Faculty of the University of Zurich, and were clinically healthy.
Tissue sampling and processing
At the latest within 30 min after killing with a blunt pistol and following bleeding and evisceration, 5 cm long tubular pieces of duodenum descendens (DD), jejunum (JE), ileum (IL), cecum (CC) and colon descendens (CD) were collected and fixed in neutral buffered 4 % formaldehyde solution for 26 h. DD was taken 10 cm distal to the pylorus, the JE sample at mid-jejunum, the IL sample cut off half way between the ileal end of the plica ileocecalis and ileo-cecal junction, the CC sample at the center of the cecum, and the CD segment at 100 cm cranial of the anus. If necessary, intestinal tubules were gently moved in the fixative to remove attached contents and the fixative was renewed if it was soiled with faeces. Except the cecum, which was cut into 3x1 cm pieces after fixation, all tubules were cut into pieces of (Böck, 1989 ) stained sections were made to verify the physiological state of the tissues and to exclude animals possibly exhibiting pathological changes of the intestine.
Immunohistochemistry
Sections were dewaxed using xylene and isopropyl alcohol, hydrated trough serial dilutions of ethanol to water and rinsed in trizma-buffered saline for 2 min (TBS, buffer stock solution:
6.1 g trizma base, 50 ml H 2 O and 37 ml 1 N HCl, diluted with H 2 O to 1000 ml solution, adjust pH to 7.6; working solution: 100 ml buffer stock solution plus 900 ml saline, 0.85 %). Antigen and 4500 (all 500 cells exhibited strong immunoreactivities).
Statistical Analysis
All VDR-IRS data for each type of cell are reported as mean ± SEM. Influence of age and breed was calculated in a first step using ANOVA procedure. Differences between cell types were analyzed by a two-factorial analysis of variance for repeated measures (MANOVA, test (Feldman et al., 1979; Clemens et al., 1988) , II. calbindin expression (Yamagishi et al., 2002) , III. epithelial calcium transporter (Barley et al., 2001) , and IV. segment specific calcium absorption or influx (Schröder et al., 1997; Breves and Schröder, 2005) . It should, however, also be considered that other factors such as nuclear co-activators or corepressors additionally may influence calbindin expression or calcium absorption rates (Kim et al., 2006; Zella et al., 2006) . In these studies each parameter was evaluated based on only one or two intestinal segments and in one or sometimes two species. Thus, the present study is the first one including all intestinal segments and giving an overview over VDR immunoreactivities along the intestines of a single species. Only in very few studies no differences in VDR amounts could be detected between different segments of the small intestine in humans (Berger et al., 1988) and rats (Chen et al., 2006) . Thus, the results presented here close a great gap in the knowledge of VDR protein distribution within the intestine in general. In the future, calbindin-D9k protein expression will be assessed in our laboratory and data will be correlated with corresponding Ca-fluxes and VDR-IRS data to
give information about the functional implications of the VDR within the intestine. In the present study, no age-dependent nor breed differences in VDR-IRS could be detected.
This may be due to the fact that all animals were in a stage of lactation were no negative Ca balance is expected. In addition, no breed effect was observed possibly due to the same reasons. The animals were not high-producing cows, which would need to fill the Ca pool via active absorption. However, a lack of age-dependent differences was also shown in sheep and goats (Boos et al, 2007; Riner et al., 2007) and several other species (Wood et al., 1998; Kinyamu et al., 1997; Lee et al., 2003; Yamagishi et al., 2006) . This is in contrast to data published elsewhere (Horst et al., 1990; Ebeling et al., 1992; Liang et al., 1994; Duque et al., 2002) . Since an age and/or estrogen dependent impairment of calcium absorption was detectable in elder subjects in numerous studies, a resistance to VD was proposed (Kinyamu et al., 1997; Wood et al., 1998) and furthermore VD dependent (Kinyamu et al., 1997; Liel et al., 1999; Schwartz et al., 2000; Duque et al., 2002) and independent effects of estrogens on calcium absorption were demonstrated (Eisman, 2001; van Cromphout et al., 2003) . Thus, in future studies hormone and age associated effects on calcium and VD metabolism in cows should be re-examined also in very old animals. 
